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z.2013.04Abstract Many active ingredients extracted from herbal and medicinal plants are extensively stud-
ied for their beneﬁcial effects. Antioxidant activity and free radical scavenging properties of thymo-
quinone (TQ) have been reported. The present study evaluated the possible protective effects of TQ
against the toxicity and oxidative stress of sodium ﬂuoride (NaF) in the liver of rats. Rats were
divided into four groups, the ﬁrst group served as the control group and was administered distilled
water whereas the NaF group received NaF orally at a dose of 10 mg/kg for 4 weeks, TQ group was
administered TQ orally at a dose of 10 mg/kg for 5 weeks, and the NaF-TQ group was ﬁrst given
TQ for 1 week and was secondly administered 10 mg/kg/day NaF in association with 10 mg/kg TQ
for 4 weeks. Rats intoxicated with NaF showed a signiﬁcant increase in lipid peroxidation whereas
the level of reduced glutathione (GSH) and the activity of superoxide dismutase (SOD), catalase
(CAT), glutathione S-transferase (GST) and glutathione peroxidase (GPx) were reduced in hepatic
tissues. The proper functioning of the liver was also disrupted as indicated by alterations in the mea-
sured liver function indices and biochemical parameters. TQ supplementation counteracted the
NaF-induced hepatotoxicity probably due to its strong antioxidant activity. In conclusion, the
results obtained clearly indicated the role of oxidative stress in the induction of NaF toxicity and
suggested hepatoprotective effects of TQ against the toxicity of ﬂuoride compounds.
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.002Introduction
Fluoride (F) anions are widely distributed in the environment
in different forms and their compounds are extensively used.
Fluoride anions are naturally present in water sources and
drinking water as they are released from the runoff of
F-containing rocks and soils and leach into groundwater
(ATSDR, 2003). In some areas drinking water is artiﬁcially
ﬂuoridated, therefore water consumption is typically the larg-
est contributor to daily F intake. Furthermore, F anions are
incorporated in various insecticide formulations, ﬂuoridated
foodstuffs, dentifrices, drugs, vapors emitted from industries
using ﬂuoride containing compounds (NRC, 2006).he Egyptian German Society for Zoology.
264 W.M. Abdel-WahabFluoride is often described as a double edged sword be-
cause in small doses, it is an essential trace element with
remarkable protective effect in preventing dental caries and
osteoporosis. On the other hand, excessive exposure to F ex-
erts harmful effects on the organism. It may directly or indi-
rectly modulate the enzyme activity by forming complexes
with the metal part of enzyme molecules (Pawowska-Goral
et al., 1998). In this way F interferes with the metabolic pro-
cesses involving carbohydrates, lipids and proteins (Blaszczyk
et al., 2011; Nabavi et al., 2012). Fluoride inhibits enzymes in-
volved in major metabolic pathways for example glycolysis
and the Krebs cycle. In addition, F inhibits fatty acid oxida-
tion and reduces the activity of pyruvate dehydrogenase, which
reduces the amount of acetyl-CoA in the cells. Sodium ﬂuoride
negatively regulates the activity of ATPase – an enzyme impor-
tant in the polymerization of amino acids, thus inhibiting the
process of bonding the amino acids to peptides and blocking
DNA synthesis (Hordyjewska and Pasternak, 2004). Long-
term exposure to F compounds induce morphological changes
in many organs in particular the liver, leading to an impair-
ment of their function (Koodziejczyk et al., 2000; Chinoy,
2003). Pathological changes occur also in the pancreas, lungs,
cardiac and skeletal muscles and kidney (Sinha et al., 2008;
Stawiarska-Pieta et al., 2009).
Oxidative stress is one of the most important factors that
exacerbate damage by certain drugs and environmental chemi-
cals. Free radical generation is known to be one of the most
important mechanisms of F toxicity (Nabavi et al., 2012). Fluo-
ride has the ability to initiate respiratory burst and stimulate the
generation of free radicals which change the structure and per-
meability of cell membranes and impair the cell function (Chl-
ubek, 2003). Numerous studies indicated an increased
oxidative stress in the serum, liver and brain of animals exposed
to F (Grucka-Mamczar et al., 2009). Moreover, F affects the
activity of enzymes constituting the cell antioxidant system
whose role is to protect against free radicals (Chinoy, 2003).
Natural herbal constituents are extensively studied for their
ability to protect cells from miscellaneous damages. Currently,
the use of phytochemicals as a therapy in diseases related to
oxidative stress has gained immense interest for their ability
to quench free radicals by electron or proton donation and
their capability to protect body tissues against oxidative stress
(Nabavi et al., 2012). Nigella sativa has a long history in medic-
inal use for centuries. Thymoquinone (TQ), the major bioac-
tive constituent of N. sativa seed has been reported to exhibit
many pharmacological effects including immunomodulation
(Ali and Blunden, 2003), anti-inﬂammatory (Houghton et al.,
1995) and antitumor activities against a broad spectrum of
cancer cells including colon, ovarian, lung, osteosarcoma and
myeloblastic leukemia (Norwood et al., 2006; Wilson-Simpson
et al., 2007). TQ has been reported to possess strong antioxi-
dant properties (Houghton et al.,1995). Oral administration
of TQ is capable of protecting several organs against oxidative
damage induced by free radical-generating agents including
doxorubicin-induced cardiotoxicity (Nagi and Mansour,
2000) and carbon tetrachloride-evoked hepatotoxicity (Nagi
et al., 1999). TQ acts as scavenger of superoxide, hydroxyl rad-
ical and singlet molecular oxygen (Badary et al., 2003).
The role of TQ against NaF-induced toxicity has not so far
been studied. Therefore, the present study was carried out to
investigate: (1) the alterations in biochemical parameters and
antioxidant status of liver induced by NaF in male rats, (2)the role of TQ in protecting the liver against the induced
changes.
Material and methods
Chemicals
Sodium ﬂuoride and thymoquinone (2-isopropyl-5-methyl-1,4-
benzoquinone) were purchased from Sigma–Aldrich Chemical
Co. (St. Louis, MO, USA). All other chemicals used in the
present study were of analytical grade. Kits used in the present
study were the products of Biodiagnostic Co. (Egypt) and Bio-
systems Co. (Spain).
Animals and experimental design
This study was performed on thirty two male albino Sprague–
Dawley rats of approximately 170–190 g body weight. The ani-
mals were obtained from the animal house of the High Insti-
tute of Public Health, Alexandria University, Alexandria,
Egypt. Rats were housed in stainless steel cages (4 rats/cage).
The animals were maintained under controlled conditions of
a 12 h light–dark cycle, room temperature of 22–25 C, relative
humidity of 40–50%. Rats were allowed free access to stan-
dard rat chow diet and water. After 2 weeks of acclimatization
to the laboratory conditions, rats were randomly divided into 4
experimental groups (8 rats in each) as follows: The ﬁrst group
served as normal control group and was administered distilled
water. Rats of the second group were intoxicated with
10 mg/kg NaF (Blaszczyk et al., 2011) once daily for 4 weeks.
The third group was treated with TQ at a dose of 10 mg/kg/
day (Nagi and Mansour, 2000) for 5 weeks. The fourth group
was treated with both NaF and TQ. NaF and TQ were dis-
solved in distilled water and were administered orally by ga-
vage (oral ingestion is the main route of ﬂuoride intake). TQ
treatment started 1 week before NaF and continued through-
out the duration of the experiment. The doses of NaF and
TQ were calculated according to the animal’s body weight be-
fore treatment. All rats were handled in accordance with the
standard guide for the use and care of laboratory animals.Blood sampling and preparation of serum
At the end of the experimental duration, rats were fasted over-
night with free access to water. Under light anesthesia with
diethyl ether, rats were sacriﬁced by cervical decapitation
and the blood was collected into non-heparinized tubes. Serum
was collected from blood by centrifugation at 4000 rpm for
15 min and was stored at 20 C till analysis. The liver tissue
was collected and perfused with normal saline to remove blood
and used for the preparation of tissue homogenate.Preparation of liver homogenate
A known weight of the liver tissue was washed in ice-cold iso-
tonic saline containing 1 mM EDTA. The tissue was then
homogenized separately in 10 volumes of potassium phosphate
buffer (50 mM, pH 7.4) containing 1 mM EDTA using a
homogenizer at 4 C. The crude tissue homogenate was then
centrifuged at 8000 rpm for 15 minutes at 4 C and the superna-
Figure 1 Level of hepatic malondialdehyde (nmol/g protein) in
rats administered sodium ﬂuoride and/or thymoquinone. Data are
expressed as mean ± SE for each experimental group (n= 8)
a and b represent signiﬁcance to control and NaF groups,
respectively.*p< 0.05, **p< 0.01.
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ondialdehyde (MDA), reduced glutathione (GSH) as well as the
activity of superoxide dismutase (SOD), catalase (CAT), gluta-
thione-S-transferase (GST) and glutathione peroxidase (GPx).
Estimation of lipid peroxidation level in liver homogenate
Lipid peroxidation (LPO) in liver tissue was determined by
measuring MDA in the supernatant from liver homogenate
using the method of Ohkawa et al. (1979). This method mea-
sures the absorbance of the pink-colored complex formed by
the reaction of MDA with thiobarbituric acid (a LPO end
product) in acidic medium at 534 nm. Results were expressed
in nmol/g protein.
Determination of enzymatic and non-enzymatic antioxidants in
liver homogenate
The activity of SOD was assayed depending on the ability of
the enzyme to inhibit the phenazine methosulphate-mediated
reduction of nitro blue tetrazolium dye (NBT). Results were
expressed in U/mg protein (Nishikimi et al., 1972). Catalase
activity was assayed according to the method of Aebi (1984)
where the CAT reacts with a known quantity of H2O2. The
reaction is stopped exactly after one minute with CAT inhibi-
tor. In the presence of peroxidase, the remaining H2O2 reacts
with 3,5-dichloro-2-hydroxybenzene sulfonic acid (DHBS)
and 4-aminophenazone (AAP) to form a chromophore with
a color intensity that is inversely proportional to the amount
of CAT in the original sample. Results were expressed in U/
mg protein. The activity of GST was assayed by monitoring
the conjugation of 1-chloro-2,4-dinitrobenzene (CDNB) with
reduced glutathione. The conjugation is accompanied by an in-
crease in absorbance which is measured at 340 nm. The rate of
increase is directly proportional to the GST activity in the sam-
ple (Habig et al., 1974). The activity of GPx was determined
spectrophotmetrically as described by Paglia and Valentine
(1967) where the GPx catalyzes the oxidation of glutathione.
In the presence of glutathione reductase and NADPH the oxi-
dized glutathione is immediately converted to the reduced
form with a concomitant oxidation of NADPH to NADP+.
The decrease in the absorbance (A340) is directly proportional
to the GPx activity in the sample. Results were expressed in
U/mg-protein. Reduced glutathione was determined according
to the method of Beutler et al. (1963). The assay is based on the
reduction of Elman’s reagent (5,50dithiobis (2-nitrobenzoic
acid) ‘‘DTNB’’) with glutathione to produce a yellow complex.
The reduced chromogen is directly proportional to glutathione
concentration and its absorbance can be measured at 405 nm.
Results are expressed in nmol/g protein.
Liver function biomarkers in the serum
Alanine aminotransferase and aspartate aminotransferase were
determined colorimetrically by measuring the amount of pyru-
vate or oxaloacetate produced by forming 2,4-dinitrophenylhy-
drazine, the color of which was measured at 546 nm (Retiman
and Frankel, 1957). Alkaline phosphatase was assayed by trans-
forming phenyl phosphate into phenol and phosphate in the
presence of the enzyme. The liberated phenol is measured color-
imetrically at 520 nm in the presence of 4-aminophenazone andpotassium ferricyanide (Belﬁeld and Goldberg, 1971). Lactate
dehydrogenase was determined according to the method of
Vassault (1983) which depends on the oxidation of lactate to
pyruvate with the simultaneous conversion of the cosubstrate
NADH to NAD. The decrease in absorbance (measured at
340 nm) due to this conversion is directly proportional to
LDH activity. Total bilirubin was measured according to the
method of Walter and Gerade (1970) depending on the reaction
between bilirubin in the sample and the diazonium salt of sulph-
anilic acid to produce azobilirubin which shows a maximum
absorption at 535 nm in an acid medium.
Serum chemistry
Serum biomarkers were determined using the available assay
kits and were performed according to the manufacturers’ pro-
tocols and instructions. Total lipids, total cholesterol and tri-
glycerides concentrations were assayed according to the
methods of Zollner and Kirsch (1970), Richmond (1973),
Fossati and Principle (1982), respectively. Total protein, albu-
min and glucose concentrations were assayed according to the
methods of Lowry et al. (1951), Doumas et al. (1971), Trinder
(1969), respectively. Insulin level was estimated by radioimmu-
noassay using double antibody procedure essentially according
to Morgan and Lazarow (1963).
Statistical analysis
Data are expressed as mean ± standard error (SE). Data were
analyzed using Statistical Package for Social Science (SPSS/
Version 17.0) software. Signiﬁcance between experimental
groups was determined using one-way analysis of variance
(ANOVA) followed by least signiﬁcant difference (LSD) test
for comparison between two groups. p values less than 0.05
were considered statistically signiﬁcant.
Results
Effect of NaF and TQ on LPO in the hepatic tissue
Results concerning the effect of NaF and/or TQ on hepatic LPO
are shown in Fig. 1. Administration of NaF at a dose of
266 W.M. Abdel-Wahab10 mg/kg for 4 weeks evoked a signiﬁcant increment (p< 0.01) in
LPO as evidenced by increase (by 262.2%) in hepatic MDA level
compared to the control group. Thymoquinone administration to
NaF-intoxicated rats mitigated the enhanced LPO as evidenced
by signiﬁcant (p< 0.05) decrease in liver MDA level.
Effect of NaF and TQ on antioxidative status of the liver
The antioxidative status of liver from the normal control and
different experimental groups is presented in Table 1. According
to this table, the activity of the intracellular antioxidant enzymes
namely SOD, CAT, GST and GPx in addition to the level of the
non-enzymatic antioxidant GSH in liver homogenates was
found to be signiﬁcantly (p< 0.01) decreased in response to F
consumption for 4 weeks. The mean values decreased by
49.3%, 51.5%, 32.5%, 56.9%, and 56.17%, respectively com-
pared to those of the control group. Supplementation with TQ
at a dose of 10 mg/kg to NaF-intoxicated rats completely re-
stored the suppressed antioxidants and brought their value near
to that of the normal control. It is worth to note that adminis-
tration of TQ alone has no signiﬁcant effect on in these antiox-
idants compared to the control group.
Effect of NaF and TQ on the level of serum biomarkers related
to hepatic dysfunction
Data presented in Table 2 show the effect of NaF, TQ and
their combination on the serum liver function indices. Expo-Table 1 Effect of thymoquinone (TQ) on sodium ﬂuoride-induced
catalase (CAT), glutathione S-transferase (GST), glutathione peroxid
Parameter Experimental groups
Control NaF
SOD (U/mg protein) 19.13 ± 0.80 9.70 ±
CAT (U/mg protein) 23.4 ± 1.28 11.35 ±
GST (nmol/mg protein) 282.5 ± 12.45 190.73
GPx (U/mg protein) 27.25 ± 1.10 11.73 ±
GSH (nmol/g protein) 32.45 ± 2.40 14.23 ±
Data are expressed as mean ± SE for each experimental group (n= 8).
respectively.
* p< 0.05.
** p< 0.01.
Table 2 Liver function biomarkers, aspartate transferase (AST),
lactate dehydrogenase (LDH) activities and bilirubin level in the ser
Parameter Experimental groups
Control NaF
AST (U/l) 68.45 ± 2.38 118.52 ±
ALT (U/l) 34.23 ± 1.61 79.36 ±
ALP (U/l) 116.0 ± 3.36 189.3 ±
LDH (U/l) 737.30 ± 20.11 1123.72 ±
Total bilirubin (mg/dl) 0.48 ± 0.02 1.97 ± 0
Data are expressed as mean ± SE for each experimental group (n= 8).
respectively.
* p< 0.05.
** p< 0.01.sure to NaF resulted in impairment in liver function as indi-
cated by signiﬁcant increase in the activity of AST, ALT,
ALP, LDH and in the concentration of total bilirubin. The
mean values increased by 73.1%, 131.8%, 63.2%, 56.1%,
and 310.4%, respectively compared to the control group. Sup-
plementation with TQ alone resulted in non-signiﬁcant
changes in these liver indices when compared to the control
group. Administration of TQ at a dose of 10 mg/kg protected
the liver against NaF toxicity and improved its functioning as
shown by the signiﬁcant decrease in these liver function bio-
markers compared to the NaF group.
Effect on lipid proﬁle, total proteins, albumin, glucose and
insulin levels in serum
The lipid proﬁle, protein content, glucose level and insulin le-
vel in the serum of rats administered NaF or TQ or both are
presented in Table 3. These results demonstrated that the con-
centration of total lipids, triglycerides and total cholesterol
showed signiﬁcant (p< 0.01) increase (by 47.9%, 74.3%,
and 61.2%, respectively) while the concentration of total pro-
teins and albumin signiﬁcantly (p< 0.05) decreased (by 25.7%
and 27.7%, respectively) in the NaF group compared to the
control group. Non signiﬁcant change in these parameters
was observed in rats supplemented with TQ alone compared
to the control group. Treatment of NaF-intoxicated rats with
TQ improved to some extent the observed alterations in lipid
proﬁle and protein contents in the serum as evidenced by thechanges in the activity of hepatic superoxide dismutase (SOD),
ase (GPx) and the level of glutathione (GSH).
TQ NaF+ TQ
0.84a** 18.39 ± 0.83 17.20 ± 1.10b*
1.54a** 24.41 ± 1.67 19.85 ± 0.92b*
± 17.26a** 290.25 ± 11.6 264.83 ± 5.27b*
0.58a** 26.19 ± 1.17 24.62 ± 0.81b*
1.42a** 33.11 ± 3.23 28.36 ± 1.86b*
a and b represent signiﬁcance compared to control and NaF groups,
alanine aminotransferase (ALT), alkaline phosphatase (ALP),
um of different experimental groups.
TQ NaF+ TQ
3.51a** 64.10 ± 3.41 82.18 ± 3.40b**
3.21a** 31.14 ± 2.23 43.25 ± 2.42b**
5.23a** 119.52 ± 3.31 127.2 ± 4.24b*
31.47a* 740.52 ± 24.72 782.82 ± 19.35b**
.12a** 0.52 ± 0.04 0.93 ± 0.04b**
a and b represent signiﬁcance compared to control and NaF groups
Table 3 Levels of some biochemical parameters in the serum of rats exposed to sodium ﬂuoride and/or thymoquinone.
Parameter Experimental groups
Control NaF TQ NaF+ TQ
Total lipids (mg/dl) 282.80 ± 11.20 418.25 ± 19.35a** 273.7 ± 13.40 345.2 ± 16.31ab*
Triglycerides (mg/dl) 78.45 ± 1.47 136.72 ± 4.51a** 80.21 ± 3.24 104.7 ± 3.41ab*
Total cholesterol (mg/dl) 148.0 ± 3.95 238.63 ± 5.82a** 140.84 ± 4.15 182.21 ± 5.43ab*
Total proteins (mg/dl) 7.31 ± 0.21 5.43 ± 0.13a* 6.94 ± 0.18 6.51 ± 0.23ab**
Albumin (mg/dl) 5.01 ± 0.08 3.62 ± 0.14a* 5.21 ± 0.10 4.31 ± 0.12ab**
Glucose level (mg/dl) 86.42 ± 4.47 143.56 ± 9.1a** 82.38 ± 6.15 102.73 ± 8.14b*
Insulin level (lU/l) 16.7 ± 0.62 10.72 ± 0.87a** 15.92 ± 0.69 10.1 ± 0.82a**
Data are expressed as mean ± SE for each experimental group (n= 8). a and b represent signiﬁcance compared to control and NaF groups
respectively.
* p< 0.05.
** p< 0.01.
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parameters although their values did not reach the normal va-
lue of the control group. Rats administered NaF for 4 weeks
showed a signiﬁcant (p< 0.01) increase in the blood glucose
level (by 66.1%) with a concomitant decrease in the insulin le-
vel (by 37%) compared to the control group. TQ-treated group
did not show any signiﬁcant change compared to the control
group. TQ supplementation alleviated to a large extent the
NaF-induced alteration in blood glucose level as shown by
the signiﬁcant (p< 0.05) decrease in glucose level compared
to the NaF group. On the other hand, TQ supplementation
failed to improve the decrease in insulin level as indicated by
the observed signiﬁcant (p< 0.01) difference compared to
the control group (Table 3).
Discussion
The present study revealed a disturbance in the antioxidative
status in rat liver and impairment in its proper functioning
as a result of sodium ﬂuoride consumption. The administra-
tion of thymoquinone to the intoxicated rats improved the
antioxidant status and mitigated the alterations in the analyzed
biochemical parameters. Oxidative stress describes a state of
uncontrolled overproduction of free radicals beyond a thresh-
old for proper antioxidant neutralization causing damage to
macromolecules such as DNA, proteins and lipids (Halliwell
and Guttteridge, 2007). Lipid peroxidation (LPO), as the fun-
damental index of oxidative damage, has been found to be a
major contributor in the toxicity of many xenobiotics (Anane
and Creppy, 2001). In the present study, administration of
NaF for 4 weeks increased LPO as reﬂected by the increased
MDA level (marker of LPO) in the liver. Fluoride consump-
tion is associated with the production of free radicals which
can react with polyunsaturated fatty acids to yield lipid hydro-
peroxides which in turn initiates a lipid-radical chain reaction
leading to oxidative damage to cell membrane. The enhanced
hepatic LPO observed in this study agreed with previous stud-
ies (Blaszczyk et al., 2011; Grucka-Mamczar et al., 2009; Nab-
avi et al., 2012). Increased LPO can be counteracted by
administrating antioxidant molecules. In the current study,
TQ administration reversed the enhanced level of LPO as indi-
cated by the decreased MDA level which could be attributed to
the strong antioxidant potential of TQ (Houghton et al., 1995).
The antioxidative effect of TQ may be related to the redox
properties of the quinone structure of TQ molecule and itsunlimited ability to cross morpho-physiological barriers and
in turn its easy access to subcellular compartments, all of
which facilitates the radical scavenging effect (Badary et al.,
2003).
The body has its own antioxidant defense mechanisms to
stabilize oxidative molecules and keep them in balance. Cells
are equipped with endogenous antioxidants, either enzymatic
or non-enzymatic which are crucial for preventing or at least
slowing the incidence and progression of diseases (Jacob,
1995). In the present study, exposure to NaF for 4 weeks
was found to be associated with a reduction in GSH content
and in the activity of SOD, CAT, GST and GPx in the liver
indicating an impaired function of the hepatic antioxidant de-
fense system. This impairment interferes with the elimination
of H2O2 and LPO products and causes their accumulation in
the cells leading to the damage of cell membranes. These re-
sults are in agreement with Sharman and Chinoy (1998),
Chinoy (2003), Blaszczyk et al. (2011) who illustrated that F
affected the activity of enzymes constituting the cell antioxida-
tive system. Due to its chemical nature, F is capable of interre-
lating with metals and thus can alter the activity of the
enzymes that contain a transition metal as part of their cofac-
tors or in their active site (Chinoy, 2003; Sharman and Chinoy,
1998). SOD, CAT, GST and GPx which are the main antiox-
idant enzymes contain a transition metal as a cofactor. The
interaction of NaF with metals of these enzymes may explain
the observed inhibition in the activities of these enzymes.
Therefore, enhancing endogenous enzymatic and non-enzy-
matic antioxidant status by administrating exogenous com-
pounds can provide an effective strategy to prevent NaF-
induced toxicity. Supplementation of NaF-intoxicated rats
with TQ normalized the assayed antioxidants indicating its
ability to restore antioxidative homeostasis. Woo et al.
(2012) reported that TQ can scavenge free radical and preserve
the activity of various antioxidant enzymes such as CAT, GPx
and GST. Previous studies have also shown that TQ could
upregulate the GST, GPx and CAT genes with the consequent
elevation of hepatic GST, GPx and CAT levels to overcome
oxidative stress induced during diethylnitrosamine metabolism
(Ismail et al., 2010; Nagi and Almakki, 2009).
Aminotransferases (AST and ALT) mediate the catalysis of
aminotransfer reactions and are considered to be markers for
clinical diagnosis of liver injury. Alkaline phosphatase, an-
other marker for hepatic damage, is a hydrolase enzyme
responsible for removing the phosphate group from nucleo-
268 W.M. Abdel-Wahabtides and proteins. Lactate dehydrogenase is a general indica-
tor of acute or chronic hepatic damage. Data obtained in the
current study demonstrate impaired liver function in NaF
group as reﬂected by increased serum indices of liver function
namely AST, ALT, ALP, LDH, and total bilirubin. It is well
known that elevation in these markers indicates hepatocellular
damage (Bulle et al., 1990). The observed elevation in these
indices could be a secondary event following NaF-induced
LPO of hepatocyte membranes with the subsequent increase
in the leakage of these biomarkers from the liver tissue. LPO
of cell membranes leads to loss of membrane ﬂuidity, changes
in membrane potential and an increase in membrane perme-
ability (Nehru and Anand, 2005), all of which lead to leakage
of the enzymes from the liver cells. TQ supplementation could
alleviate hepatic toxicity induced by NaF as reﬂected by nor-
malization of the measured liver function markers suggesting
a potential protective effect for TQ against NaF-induced liver
damage. This protective effect could be due to the ability of
TQ to antagonize the enhanced LPO and in turn stabilize
the integrity of the cellular membranes leading to preventing
or at least decreasing the leakage of liver enzymes. Thymoqui-
none as an antioxidative agent has been reported to prevent
the membrane LPO in hepatocytes (Mansour et al., 2002).
Hepatotoxicity is manifested by altered lipid metabolism.
Findings of the present study showed that oral administration
of NaF induced a signiﬁcant increase in the level of total lipids,
triglycerides and total cholesterol. High levels of NaF lead to
its accumulation in the liver leading to disturbance of lipid
metabolism and in turn to the reported elevation the lipid pro-
ﬁle. As mentioned above, administration of NaF resulted in in-
creased LPO and loss of membrane integrity which might be
important determinants of altered lipid metabolism and are
closely associated with the observed hyperlipidemia. Abnormal
enzyme activities seem to be one of the chief factors responsi-
ble for the rise in serum triglycerides and cholesterol. It ap-
pears that F inhibits lipases, phospholipases, unspeciﬁc
esterases and pyro-phosphatase (Machoy-Mokrzyn´ska et al.,
1994; Grucka-Mamczar et al., 2004). Fluoride was found to
cause hypercholesterolemia which is believed to be due to the
lowered levels of insulin (Garcia-Montalvo et al., 2009). Thy-
moquinone supplementation alleviated the previously men-
tioned alteration in the lipid proﬁle. Previous report
illustrated that TQ produce signiﬁcant reduction in the level
of total cholesterol, triglycerides, low density lipoproteins
and high density lipoproteins in rats (Bamosa et al., 2002).
The mechanism underlying these hypolipidemic effects is un-
clear. It was suggested that the hypolipidimic activity of TQ
may be attributed to inhibition of oxidative stress (Sinha
et al., 2008).
Abnormal protein metabolism is considered a sign of hep-
atotoxicity. In the present study, the administration of NaF re-
sulted in a signiﬁcant decrease in the concentration of total
protein and albumin as compared to the control group. Previ-
ous study reported a similar reduction in protein content in
NaF-treated animals and related it to inhibition of decarboxyl-
ation of branched chain amino acids and simultaneously pro-
moting protein breakdown (Shashi et al., 1992). Fluoride
affects cellular protein synthesis mainly due to the impairment
of peptide chain initiation (Godehaux and Atwood, 1976). So-
dium ﬂuoride-generated free radicals down-regulate the activ-
ity of enzymes important in the polymerization of amino acids,
thus inhibiting the process of elongation of peptides (Hord-yjewska and Pasternak, 2004). Free radicals are also a major
source for DNA damage, which can cause strand breaks and
base alteration in the DNA (Trivedi et al., 2008). Therefore
the reduction in protein content observed in the present study
may be due to either direct effect of F on protein synthesis or
indirectly through DNA and RNA damage. Furthermore, the
observed decrease in protein content may be explained in part
by the reduction in insulin level since insulin has an anabolic
effect on protein metabolism in that it stimulates protein syn-
thesis and retards protein degradation (Murray et al., 1999).
Previous reports have shown that protein synthesis is de-
creased in all tissues due to absolute or relative deﬁciency of
insulin (Chatterjea and Shinde, 1994). Supplementation with
TQ improved the reduced levels of total proteins and albumin
of NaF-intoxicated rats. This tendency to increase the level of
protein contents could be ascribed to suppression of NaF-in-
duced oxidative stress and liver damage with the subsequent
improvement in liver synthetic function following TQ
treatment.
Impaired carbohydrate metabolism is a major indicator for
hepatotoxicity. The present study revealed a signiﬁcant reduc-
tion in the insulin level with a concomitant increase in the
blood sugar level in rats administered NaF for 4 weeks. Previ-
ous studies demonstrated similar results (Menoyo et al., 2005;
Rigalli et al., 1995). From the above mentioned results, the ob-
served NaF-induced hyperglycemia may be explained in part
by reduction in insulin secretion. Blood glucose level is con-
trolled by the hormone insulin released from b-cells in the pan-
creas. Administration of F has been shown to inhibit the
secretion of insulin in rats and human beings leading to lower
plasma levels of the hormone (Rigalli et al., 1995). Fluoride
has been reported to affect insulin secretion through altering
the intracellular signaling pathway related to the secretion of
insulin (Menoyo et al., 2005). High levels of F were found to
be associated with b-cell dysfunction (Menoyo et al., 2008).
b-cell dysfunction is associated with the secretion of intact
and partially processed proinsulin (insulin precursor) (Yoshio-
ka et al., 1988). Furthermore, F has been found to decrease the
sensitivity of pancreatic tissue toward glucose stimulus (Me-
noyo et al., 2008). Hyperglycemia may be implicated in the
generation of reactive oxygen species as hydroxyl radicals
and superoxide which can cause LPO (Matkovics et al.,
1997). This view further supports the observed NaF-induced
LPO and its subsequent damage to membrane of hepatocytes
and in turn to the reported leakage of liver enzymes. Hypoin-
sulinemia results in various pathologic lesions in the liver and
alters various metabolic and enzymatic functions of liver (Za-
far et al., 2009). Thymoquinone supplementation evoked a sig-
niﬁcant decrease in the NaF-induced hyperglycemia without
improving the insulin level. These results indicated that the
hypoglycemic effect of TQ could be mediated through enhanc-
ing peripheral glucose oxidation and/or reduction of gluconeo-
genesis and not through affecting insulin release. These results
are in accordance with Fararh et al. (2005) who recorded a sig-
niﬁcant reduction in liver glucose output in diabetic hamasters
treated with TQ. Furthermore, El-Dakhakhny et al. (2002)
mentioned that N. sativa oil mediated its hypoglycemic effect
through extrapancreatic action.
In conclusion, oral administration of thymoquinone coun-
teracted the sodium ﬂuoride-induced toxicity and oxidative
stress in rats’ liver probably by reducing the level of peroxida-
tion and/or enhancing the activities of enzymatic and non-
Protective effect of thymoquinone on sodium ﬂuoride-induced hepatotoxicity and oxidative stress in rats 269enzymatic antioxidants of the liver. These effects make thymo-
quinone a promising prophylactic agent in a variety of patho-
logical conditions in liver where cellular damage is a
consequence of oxidative stress. A limitation of this study is
that the efﬁciency of thymoquinone was evaluated with one
dose only (10 mg/kg). Therefore, further dose-dependent study
is required to ﬁnd out the optimal curative dose of thymoqui-
none in such cases of hepatotoxicity.References
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